Abstract: In the Fall of 1991, a series of experiments were conducted at the Seneca Lake test facility which measured the frequency-dependent scattering from submerged bubble clouds (1,2). The results showed that certain features of the high-frequency backscatter data were consistent with single-bubble scattering while the low-frequency results were consistent with collective oscillations of the bubble cloud. A monopole resonance scattering peak was evident and scaled with the bubble cloud volume and the mixture sound speed. Analysis showed that the evolving target strength of the cloud as it rose through the beam exhibited an interference effect which could explain the differences between calculated and measured scattering strengths (3). Advanced signal processing and modeling techniques have been developed to enable the removal of experimental artifacts caused by, 1) uncertainties in the range geometry, 2) coherent electrical noise in the processing electronics and 3) acoustic reverberation within the test volume. The resulting backscattered target strength is comparable to that previously reported.
DESCRWTION OF EXPE~ENT
The test range shown in Figure 1 was located at the Seneca Lake test faci 1ity in 130m of water. Bubble clouds were generated by a pressurized steel enclosure (bubbler) whose upper surface contained a concentric circular array of 48 22-gauge hypodermic needles controlled by a bank of 24 solenoid valves. The bubble clouds produced by the bubbler conformed to an elongated teardrop shape with a length of 1.7 * 0,3m, radius of 0.24 & 0.01 m, and void fraction of 0.25%. The mean radius of an individual bubble was 1.1 m, which corresponded to a single-bubble
Bubble Cloud rising at 0.3 m/~r esonance of 9.2 kHz at depth. While each cloud rose to the surface of the lake, the parametric source generated pulses with frequencies ranging from 300 to 1400 Hz and duration times ranging from 5 to 15 msec. For each cloud, a total of 30 pulses were used. At 500 Hz, the beamwidth of the parametric source was 8.5°and the source level was 167 dB re l@a.
The hydrophore output was band-pass filtered, preamplifier, and recorded on analog tape. Any uncertainties in the range layout have been resolved by using time-of-flight measurements. Target strength was calculated from the incident and scattered pressures received at the hydrophore, where the scattered pressure was assumed to result from the acoustic path labeled " 1" in Figure 1 . Time-of-flight calculations were used to identify the portion of the signal containing the pressure scattered from the bubble cloud because background noise, which was probably electrical, hindered a direct identification.
Fast Fourier transforms with Gaussian windows were used to estimate the energies in the incident and scattered signals. The resulting target strength is shown in Figure 2 as the cloud rises through the ensonifying beam. The vertical axis in this plot represents the time relative to the cessation of bubble production. The center of each cloud passed through the main axis of the beam at roughly t=8 sec. A signal-to-noise ratio, defined as the energy of the signal divided by a representative average of noise energy in nearby frequencies, is plotted in Figure 3 and indicates that the major target strength peaks observed in Figure 2 correspond to high signal-to-noise ratios. The occurrence of the peak at roughly 325 Hz is well predicted by theories based on resonance scattering due to collective oscillations of the bubble cloud (3). However, the experimentally determined magnitude of the peak exceeds the theoretically predicted value by roughly 4 dB. This discrepancy and its possible resolution by accounting for scattering from the bubbler is the focus of this presentation, In particular, this presentation will describe an investigation into the possibility of a second acoustic path, labeled "2" in Figure 1 , which might account for the higher target strength and for the appearance of 2 peaks at 325 Hz. At this low frequency, the bubbler and cloud can be approximately modeled as point-scatterers and an analytical expression can be used to generate the evolving target strength. The reflection coefficient of the bubbler will be taken as an unknown and adjusted within physical limits in an attempt to account for the low-frequency differences between theory and experiment.
